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BACKGROUND OF THE INVENTION 

5 Field of the Invention 

-This invention relates to networks of switches operating at layer-2 and executing 
the spanning tree protocol. 

Background Information 

A longstanding problem in computer network design is the problem of one way 
10 loops. A one way loop is formed when a port develops one way commxmication, the port 
fails to receive superior BPDUs, and so transitions to designated role and begins for- 
warding data packets. The ports on each end of the one way link may make this transi- 
tion, and the port which the fault permits to send packets to the next switch then forms 
the loop. 

15 The computer network is formed from layer 2 switches with redundant connec- 

tions, where the redundancy is introduced in order to provide automatic switchover in the 
event of failure of a switch or link. The layer 2 network having redundant connections is 
normally prevented from having loops by use of the spanning tree protocol (STP). 

The STP selects a "root layer 2 switch" as the root of a spanning tree, and estab- 

20 lishes a single link to each switch lower in the spanning tree. One link is established 
between the root switch and each switch in the first lower layer. Each switch in the first 
lower layer has one link established to one or more switches in the second lower layer, 
and each switch in the second lower layer has only one link upstream to one switch in the 
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first lower layer, etc. A logical tree is built, so that communications between a first end 
station and a second end station is by sending packets fi*om the first end station up the 
spanning tree to a common switch, and then back down another branch of the tree until 
the packet reaches the end station to which it is addressed. 

Redundant links are eliminated by switching redundant ports into a role known as 
"blocking". A port of a switch may be established in one of three roles: "root" role for 
communications upstream toward the root switch; "designated" role for communications 
to a switch in the next lower layer in the spanning tree; and, "blocking" role in order to 
remove the port firom conmixmications by the spanning tree protocol in order to eliminate 
loops in the layer 2 network. 

The ports are chosen for the roles of root, designated, or blocking by exchange of 
STP packets referred to as Bridge Protocol Data Units (BPDU packets). The BPDU 
packets have an 8 byte field referred to as the "switch ID" and a field referred to as the 
"port ID". The BPDUs firom one switch and one port are "superior" or "inferior", de- 
pending upon the switch ID field and port ID fields. The switch having the smallest 
switch ID is chosen as the root switch, and then the switch ID becomes the Root ID. 
Switches lower in the tree exchange BPDUs, and the switch having the lowest switch ID 
is superior, and is chosen as the active switch in the logical tree. In the event of redun- 
dant ports between a root switch and the next lower switch in the spanning tree, the port 
having the smallest ID ks superior. The superior port is chosen to establish the link. The 
ports not used to establish a link are transitioned into "blocking" role. 

A port is maintained in blocking role by receipt of BPDUs superior to any BPDU 
which the port could transmit, and the ports each have a timer. If no superior BPDU is 
received during a timer period, referred to as a BPDU timeout period, the port transitions 
into designated role. The timer and BPDU timeout period are used to transition the net- 
work to a backup switch in the event that a switch being used in the spanning tree devel- 
ops a fault, and consequently does not transmit its BPDU during the BPDU timeout pe- 
riod. The blocked port then transitions to designated role and begins an active role in the 
spanning tree, and in some cases triggers a new execution of the STP algorithm. 

The one way connectivity problem arises when a particular port develops a faulty 
receiver, or the port on the other end of a link develops a faulty transmitter. In either 
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case, the particular port receives no packets, and in particular no superior BPDUs. The 
absence of superior BPDUs causes the particular port to transition into designated port 
role, and to begin forwarding packets received from structures internal to it's switch. The 
switch at the other end of the link begins receiving the packets and forwarding them, and 

5 so creates a loop in the network. 

Attempts to solve the one way connectivity loop problem have mainly concen- 
trated on establishing that one way connectivity exists by attempting to detect the absence 
of packets travelling in one direction along the affected link. These methods are inade- 
quate for reliably detecting one way connectivity loops. These methods are discussed by 

10 Radia Perlman in her book Interconnections^ Second Edition, published by Addison 
Wesley, Copyright date 2000, all disclosures of which are incorporated herein by refer- 
ence, especially at pages 74-75. 

There is needed a better method for eliminating loops formed as a result of one 
way connectivity faults. 

15 



SUMMARY OF THE INVENTION 

20 

Ports of a switch are assigned by a person, for example a network manager, to be 
for communication up the spanning tree toward the root switch ("up ports")? or down the 
spanning tree away from the root switch ("down ports"). This assignment is made by 
enabling "uplinkguard" status for a desired up port, and by connecting the desired port to 
25 a switch which it is desired to place in the higher layer of the spanning tree. A port hav- 
ing Uplinkguard enabled is prevented, for example by software or firmware in its switch, 
from transitioning to a designated role. This assignment establishes a hierarchy of 
switches. Uplinkguard enabling a port, by preventing the port from transitioning to the 
designated role, has at least two consequences: preventing the port from being selected by 
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the STP to transmit to lower switches in the spanning tree; and, preventing the port from 
transmitting when a one way connectivity fault develops on that port. 

A port with Uplinkguar'd enabled may transition to root port role. Uplinkguard 
prevents a port having Uplinkguard enabled from transmitting data packets unless the 
STP runs and selects the port as the root port. 

In the event that a fault develops and there is one way connectivity from a port, 
that port will not receive BPDU messages, and if the port is in blocked state, it will be- 
lieve that it should take over and become the designated port for the extemal link to 
which it is connected. Uplinkguard prevents the port from transitioning to designated 
role. When the port attempts to transition into designated role, Uplinkguard forces the 
port to transition into blocked role. The Uplinkguard enabled port which develops one 
way connectivity is thereby transitioned into blocked role, and remains in this role. 

Uplinkguard enabling ports which the network manager desires to connect to 
communicate up the spanning tree eliminates formation of loops caused by one way con- 
nectivity faults. 

Other and further aspects of the present invention will become apparent during the 
course of the following description and by reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 
Fig, 1 is a block diagram of switches having ports UpHnkguarded in accordance 
v^th the invention; 

Fig. 2 is a block diagram of a network of switches connected in accordance v^th 
the invention and; 

Fig. 3 is a logical spanning tree of computer switches in accordance v^th the in- 
vention; 

Fig. 4 is a block diagram of a typical network BPDU packet; 

Fig. 5 is a block diagram of fields of a typical network BPDU packet; 

Fig. 6 is a block diagram of fields of a Topology change BPDU packet; 

Fig. 7 is a block diagram of a port state table of the PRIOR ART; 
Fig. 8 is a flow chart in accordance with the invention; 

Fig. 9 is a block diagram of a port state table in accordance with the invention; 
Fig. 10 is a block diagram of a layer 2 switch. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT 

Tuming now to Fig. 1, layer 2 switches 102, 104, 106, 108, and 1 10 are shown. 
20 Switch 102 and sv^tch 104 represent distribution switches. Switch 106, 108, and 1 10 
represent access sv^tches. The access switches are selected by a person, for example a 
network manager, to be lower on the spanning tree than the distribution switches. 

Port 106 A and port 106B have Uplinkguard enabled. Switch 108 has port 108 A 
and port 108B with Uplinkguard enabled. Switch 1 10 has port 1 lOA and port 1 lOB 
25 Uplinkguard enabled. The Uplinkguard ports of access switches 106, 108, and 1 10 are 
each connected to distribution switches 102 and 104. 
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For example, Uplinkguard enabled port 106A is connected to port 102A, Uplink- 
guard enabled port 108 A is connected to port 102B. Uplinkguard enabled port 1 1 OA is 
connected to port 102C. 

Likewise, Uplinkguard enabled port 106B is connected to port 104 A. Uplink- 
guard enabled port 108B is connected to port 104B. Uplinkguard enabled port 1 1 OB is 
connected to port 104C. 

Link 120 connecting Uplinkguard enabled port 106A with port 102A is indicated 
by a heavy line, indicating that link 120 was selected by the spanning tree algorithm 
(STP). 

Link 122 connecting Uplinkguard enabled port 108 A with port 102B is indicated 
by a heavy line, indicating that link 122 was selected by the STP algorithm. Link 124 is 
also indicated with a heavy line, indicating that link 124 connecting Uplinkguard enabled 
port 1 lOB with port 104C was also selected by the STP. 

The other links, for example link 132 connecting Uplinkguard enabled port 106B 
with port 104A are indicated by a narrow line, to indicate that the link was not selected 
by the STP. Also link 134 connecting Uplinkguard enabled port 108B with port 104B is 
indicated by a light line, to indicate that the link was not chosen by the STP. Link 136 
connecting Uplinkguard enabled port 1 lOA with port 102C also is indicated by a light 
line, to indicate that link was not chosen by the STP. 

Ports 106C, 106D, and 106C are representative of additional ports of switch 106, 
which ports connect to downstream switches or other network devices. Similarly, ports 
108C, 108D, and 108C of switch 108 connect to downstream network devices, for exam- 
ple other network switches or end stations, etc. Further, port 1 IOC, port 1 lOD, and port 
1 lOE connect to other downstream network devices, for example, switches, end stations, 
etc. 

Further, at switch 102, port 102D and port 102E are Uplinkguard enabled, and 
connect to network devices higher in the spanning tree. Further, with regard to switch 
104, port 104D and port 104E are Uplink guarded and so connect to network devices 
higher in the spanning tree. 
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When the STP algorithm executes, the Uplinkguard enabled ports 106A, 1068, 
108 A, 108B, 1 lOA, and 1 1 OB are prevented by Uplinkguard from transitioning into the 
designated role. However, in the event that the STP algorithm chooses one of these ports, 
106A, 106B, 108 A, 108B, 1 lOA, 1 lOB, etc., as the switch "root port", then the port tran- 
sitions to the root port role. In transitioning to the root port role, the port communicates 
up the logical tree of the spanning tree, toward the root switch. 

The dotted line 140 indicates a boundary between access switches 142 and distri- 
bution switches 144. The difference between access switches and distribution switches is 
that access switches are lower on the hierarchial tree. Enabling Uplinkguard on ports 
106A, 106B, 108 A, 108B, 1 lOA, and 1 1 OB ensures that those ports will communicate 
upstream toward the root, and will not commimicate downstream away from the root, be- 
cause they cannot become designated ports. 

Turning now to Fig. 2, there is shown a block diagram of the connections of a 
typical computer network used in an "enterprise computer network". An "enterprise 
computer network" usually refers to, for example a network: in a building; connecting 
buildings in a campus; connecting distant sites of a single corporation, etc. End stations 
202 are at the lowest level of the logical hierarchial tree which is established by the STP 
protocol. Switches 204 are commonly referred to as "closet switches" and are connected 
directly to end stations 202. The next higher level of switches in the hierarchial tree are 
switches 206. Switches 206 interconnect closet switches. For example, closet switches 
204 may be located on an individual floor of a building. Switches 206 may then inter- 
connect the different floors of a building. 

Switches 208 represent the next higher hierarchial layer of switches in the enter- 
prise network, and may connect together various buildings of a campus of buildings, etc. 
Switches 208 then connect to layer 3 network switches 210, commonly known as routers. 
Routers 210 connect to external computer networks, thereby providing connectivity be- 
tween the end stations 202 and a wider area network, for example the world wide Inter- 
net, etc. 

For the sake of redundancy, in order to maintain connectivity in the event that a 
switch becomes inoperative, each network device is connected to one or more other net- 
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work devices. For example, end station 202A is connected to closet switch 204A, by link 
220, and end station 202A is also connected by link 222 to closet switch 204B. This re- 
dundant connection is used so that in the event that network switch 204A becomes inop- 
erative due to a fault, that network switch 204B will continue to maintain connectivity of 
end station 202 A to the layer 3 switches 210. Likewise, redundancy is further illustrated 
by end station 202B being connected by link 224 to closet sv^tch 204A and also by link 
226 to closet switch 204B. Link 230 of closet sv^tch 204 A connects to yet another end 
station, etc. which is not shown in Fig. 2. Further, port 232 of closet switch 204B con- 
nects to further end stations, etc. not shown in Fig. 2. 

For simplicity, end station 202c and end station 202d are both shown connected to 
only closet switch 204c, although it is anticipated that end station 202c and end station 
202d would be connected to at least one additional closet switch 204, etc. 

Redundancy in network switch layer 206 is indicated by switch 206A being con- 
nected to the three shown closet switches, 204A, 204B, 204c, etc. Further, at layer 206, 
sv^tch 206B is connected to the three shown closet switches 204A, 204B, and 204c. As a 
further illustration of the use of redundancy in the network interconnections, the network 
switch at layer 206, switch 206c is also connected to the three closet switches 204A, 
204B, and 204c. 

Again, at layer 208, network switch 208A is connected to the network switches at 
layer 206, that is to switch 206A by link 252, and by link 254, and switch 208A is shown 
connected by link 256 to layer 206 switch 206B, and by link 258 to layer 206 switch 
206c. Further, redundancy is shown by layer 208 switch 208B being connected to each 
of the three shown layer 206 sv^tches, 206A, 206B, and 206c. 

Further redundancy is shown by the layer 208 switches being connected to the 
layer 3 switches 210 through redundant links. For example, switch 208 A connects by 
link 262 to switch 210A, and by two links 264 and link 266 to layer 3 switch 210B. 
Further, layer 208 switch, 208B connects by link 268 to layer three svdtch 21 OA and by 
link 267 and by link 269 to layer 3 switch 21 OB. 
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The hierarchy of a spanning tree logical tree is established by UpHnkguard en- 
abled on various ports, as illustrated by the UpHnkguard enabled ports being indicated by 
a dark circle. For example, in closet switch 204 A, port 204A-1, port 204 A-2, and port 
204A-3 are all Uplinkguard enabled ports. Accordingly, the spanning tree protocol es- 
tablishes one of the ports 204A-1, 204 A-2, 204 A-3 as the root port of closet switch 204 A. 
The STP chooses the root port. 

Again, the ports of switch 204B which connect toward the next higher layer in the 
hierarchy of switches are Uplinkguard enabled, that is ports 204B-1, port 204B-2, and 
port 204B-3. The STP chooses one of the ports as the root port of switch 204B, etc. 

Further, the ports of closet switch 204C which are designated to connect to higher 
level switches in the logical tree hierarchy are ports 204C-1, 204C-2, and 204C-3, these 
ports are Uplinkguard enabled, and will be chosen by STP as the root port. Three dots 
272 indicate that a large number of closet switches may be employed in network 200. 

Again, layer 206 switches 206A, 206B, and 206C have their ports which look to 
higher layers in the sv^tch hierarchy Uplinkguard enabled. For example, ports 206A-1, 
206A-2, and 206A-3 are Uplinkguard enabled. Again, the STP algorithm will chose one 
of the ports 206A-1, 206 A-2, or 206A-3 as the root port of switch 206 A. Likewise, the 
ports of switch 206B connected to the next higher layer in the switch hierarchy, that is 
ports 206B-1 and 206B-2 are Uplinkguard enabled, etc. 

Further, at layer 208 the ports 208A-1, 208 A-2, and 208 A-3 are Uplinkguard en- 
abled. Further, the upwardly looking ports are switch 208B, ports 208B-1, 208B-2, and 
208B-3 are Uplinkguard enabled. 

Three dots 274 indicate that a large number of layer 206 switches may be em- 
ployed in network 200. Further, three dots 276 indicate that a large number of layer 208 
switches may be employed in computer network 200. Further, three dots 278 indicate 
that a large number of layer 210 switches, typically layer three switches or routers, may 
be employed in computer network 200. 

Tuming now to Fig. 3, the logical tree 300 created by the STP algorithm execut- 
ing in computer network 200 is shown. End stations 202A, 202B, 202C, and 202D are 
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shown. The STP logical tree 300 represents a single logical tree obtained by the STP 
from the complex redundant interconnections shown in Fig. 2. Further, the STP logical 
tree 300 illustrates that the UpHnkguard enabled ports are connected by the STP algo- 
rithm to the higher layer switches in the STP logical tree for upward communcations to- 
ward the root switch 212A, as shown in Fig. 3. 

For example, end station 202A is connected by link 220 to switch 204A. Switch 
204 A is connected by UpHnkguard enabled port 204 A- 1 to switch 206 A. Switch 206 A is 
connected by UpHnkguard enabled port 206 A- 1 through link 252 to switch 208 A. The 
STP eliminated link 254, for example. 

End station 202C connects to switch 204B. Switch 204B connects through 
UpHnkguard enabled port 204B-2 to switch 206B. Switch 206B connects through 
UpHnkguard enabled port 206B-2 to switch 208B. The STP Algorithm removed the re- 
dundant links shown in Fig. 2. Further, switch 206C connects through UpHnkguard en- 
abled port 206C-2 to switch 208B. Switch layer 212 is not shown in Fig. 2. However, as 
shown in Fig. 3 switch 208A and sv^tch 208B connect through respective UpHnkguard 
enabled ports to switch 212A. For example, switch 208A connects through port 208 A-3 
to switch 212A. Further, switch 208B connects through UpHnkguard enabled port 208B- 
4 to switch 2 12A. 

Switch 212A has two, for example, ports 212A-1 and 212A-2, connected to layer 
3 switches (routers) 21 OA, 21 OB. For example, UpHnkguard enabled port 212A-1 con- 
nects to layer 3 switch 21 OA. Further, UpHnkguard enabled port 212A-2 connects to 
layer three switch 21 OB. 

In operation, a message from an end station travels up the STP logical tree 300 
until it meets a common switch, and then is forwarded down by that switch along the 
logical links to the station to which it is addressed. 

Operation of the spanning tree protocol will next be described. Turning now to 
Fig. 4, a field diagram 400 of a typical layer 2 computer network packet is shown. Com- 
puter network packet 400 has a layer 2 header 402, a layer 2 payload 404, and end fields 
406. The L2 header 402 has an L2 destination address field (L2 DA field) 402 A, and L2 
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source address field (L2 SA field) 402 B, and fields 402 C for other layer 2 header fields, 
depending upon the layer 2 protocol, etc.. 

The following description of the spanning tree protocol follows closely the de- 
scription given by Radia Pearlman in her book Interrconnections, Second Edition^ men- 
tioned above, particularly pages 58-90. In the description by Pearlman of the spanning 
tree protocol, the switching entities are referred to as "bridges", and this terminology is 
taken as synonymous with the present terminology of layer 2 switch or "L2 switch". 

When the computer network packet 400 is used as a configuration message for the 
spanning tree protocol, the payload field contains the configuration message fields shovra 
in Fig. 5. The number of octets, or bytes, for each field are shown by the numbers at the 
left of the field. The protocol identifier field 502 is two bytes and has the value "0". The 
version field 504 is one byte, and has the value "0". The message type field 506 is one 
byte and has the value "0". The flags field 508 contains two (2) flags. The "TC" field is 
the least significant bit, and is the topology change field. If "set" in the configuration 
message received on the root port, it indicates that the receiving L2 change flag swdtch 
should use forward delay (a short timer) for aging out station cache entries rather than the 
aging timer (the normal, longer timer for station cache entries). The "TCA" field, the 
most significant bit, is the topology change notification acknowledgement. If "set" in the 
configuration message received on the root port, it indicates that the L2 switch receiving 
this configuration message no longer needs to inform the parent L2 switch that a topology 
change has occurred. The parent L2 switch will take responsibility for advising the root 
L2 switch of the topology change. The remaining bits in the flags field 508 are unused. 

The root identification field (ID field) 510 is an important field for the present in- 
vention. The root ID field is eight (8) bytes in length. The eight bytes are made up by: 
Each L2 switch is configured with a two byte priority, the two byte priority is added to 
the six byte identification of the L2 switch. The six byte identification of the L2 switch 
may be a layer 2 address for one of its ports, or it may be any unique 48 bit address. The 
48 bit ID is chosen to be unique for the L2 switch. The priority portion is the numerically 
most significant portion. The two byte priority is configured by the network administra- 
tor, a person, responsible for the L2 switch. 
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The cost of path to root field 512 is four (4) bytes in length. The cost of path to 
root is the total cost from the L2 switch that transmitted the configuration message to the 
L2 switch listed in the root ID field 510. 

The switch ID field 514 is 8 bytes in length. This field is two bytes of configured 
priority followed by the six byte ID of the L2 switch transmitting the configuration mes- 
sage. 

The port ID field 516 is two bytes in length. The first byte, that is the most sig- 
nificant byte, is a configurable priority. The second byte is a number assigned by the L2 
switch to the port on which the configuration message was transmitted. The L2 switch 
must assign a locally unique number to each of its ports. 

The message age field 518 is the estimated time since the root L2 switch origi- 
nally transmitted its configuration message, on which the information in this configura- 
tion message is based. The estimated time is set out in units of 1/256 ths of a second. 

The max age field 520 is two bytes in length. The max age field contains the time 
at which the configuration message should be deleted. This field is also expressed in val- 
ues of 1/256 ths of a second. 

The hello time field 522 is two bytes in length. The hello time is the time be- 
tween generation of configuration messages by the root L2 switch. The hello time is also 
expressed in 1/256 ths of a second. 

The forward delay field 524 is the length of time that an L2 switch should stay in 
each of the intermediate states before transiting a port from "blocking" to "forwarding". 
The forward delay time is also expressed in l/256ths of a second. 

The purpose of the spanning tree protocol is to have L2 switches dynamically dis- 
cover a subset of the topology that is loop free, that is it is a logical tree, and yet has 
enough connectivity so that there is a path between every pair of L2 switches. That is, 
the tree is "spanning". The L2 switches transmit configuration messages, that is special 
messages, to each other that allow them to calculate a spanning tree. For example, the 
configuration message of Fig. 5 is such a configuration message. These configuration 
messages have the name, "Configuration Bridge Protocol Data Units", or BPDUs, as set 
out in the IEEE 802.1 standard. The terminology "configuration BPDU" and "configura- 
tion message" are synonyms. 
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The configuration message contains enough information so that an L2 switch can 



1 . Elect a single L2 switch, among all the L2 switches interconnected in the 
computer network to be the "root L2 switch." 

2. Calculate the distance of the shortest path from themselves to the root L2 
switch. 

3. For each local area network in the computer network, elect a designated L2 
switch from among those connected to the local area network. 

4. Choose a port, known as the "root port", that gives the best path from them- 
selves to the root L2 svsdtch. 

5. Select ports to be included in the spanning tree. The ports selected will be the 
root port plus any ports selected as a designated port for connection to L2 
switches at a lower logical level of the spanning tree, or for connection to end 
station computers. 

6. The Layer 2 destination address in L2 DA field 402A is a special multicast 
address assigned to all L2 switches. The fields and the configuration message 
which are key to an understanding of establishing the STP spanning tree are: 
the root ID field 510, which is the identification of the L2 sv^tch assumed to 
be the root L2 sv^tch; the transmitting Layer 2 switch identification, field 514, 
which is the identification of the L2 switch initiating this configuration mes- 
sage; and the cost field 512, giving the cost of the least cost path to the root L2 
switch fi:om the transmitting L2 sv^tch. This is the best path of which the 
transmitting L2 sv^tch was aware of the time of initiating transmission of the 
configuration message. 

A L2 switch initially assumes itself to be the root L2 switch, and transmits 
configuration messages on each of its ports with its ID as root L2 sv\dtch, and also 
as transmitting L2 switch, and "0" as cost 512. 

During role negotiations, a L2 switch continuously receives configuration 
messages on each of its ports, and saves the " best" configuration message from 
each port. The L2 switch determines the best configuration message by compar- 



do the follovsdng: 
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ing not only the configuration messages received from a particular port, but also 
the configuration message that the L2 switch would transmit on that port. 

The best configuration message is chosen as follows: 

Given two (2) a configuration messages, CI and C2, the following are true. 
CI is "better than "C2 if the root ID of field 510 listed in CI is numerically lower 
than the root ID listed in C2. 

1 . If the root ID's are equal, than CI is better than C2 if the cost listed in CI is 
numerically lower than the cost listed in C2. 

2. If the root ID's and the costs are equal, than CI is better than C2, if the trans- 
mitting L2 switch ID listed in CI is nimierically lower than the transmitting 
switch ID listed in C2. 

3. If the root ID's, costs, and transmitting bridge ID's are equal, then the port 
identifier serves as a tie breaker. 

After the role negotiation, a port which is not "designated" stops sending out 
BPDUs, and only receives BPDUs from the designated port. Therefore, if a port is not 
designated, it will receive BPDUs. If the port is designated, it is not supposed to receive 
any BPDU, unless another switch/port tries to challenge its role, and another negotiation 
begins. 

A topology change notification message 600, as shown in Fig. 6 is used to assist 
the spanning tree protocol in maintaining the spanning tree network in the event that a 
topology change occurs in the network. Details of the use of the topology change notifi- 
cation message 600 are set out by Radia Pearlman in the above-mentioned book Inter- 
connections Second Edition, at pages 66-70. The topology change message uses a proto- 
col identifier field 602, containing the value "0". The topology change notification mes- 
sage 600 also uses a version field 604 containing the value "0". The topology change 
notification message also uses a message type field 608 containing the value "128." 

The topology change notification message 600 is used by a L2 switch which de- 
termines that a port must be transitioned from "forwarding" to "blocking", or vice versa 
The L2 sv^tch transmits the topology change notification message upstream through its 
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root port to its parent L2 switch. Finally, the root L2 switch receives a topology change 
notification message, and sets the TC flag in field 508 in its configuration messages, 
which it transmits on a periodic basis. Further details of the use of the topology change 
notification message may be found in the book by Radia Perlman, Interconnections, Sec- 
ond Edition. 

Referring now to Fig. 7, table 700 is a port "state table" of the prior art. The state 
table is stored in memory of the switch. The state of the port is given in column 702. 
The role of the port is given in column 704. The role of the port is determined by the 
spanning tree protocol. For example, the spanning tree protocol may select the port as a 
root port as shown in entry 710. In the event that the port is selected as a root port, then 
the state of the port is set "forwarding", as shown at entry 71 OA. In the event that the 
spanning tree protocol selects the port as a designated port, as shown in entry 712, the 
port is set to the state "forwarding" as shown by entry 712A. 

In the event that a port is set to the role "blocked port" as shown at entry 714, the 
state of the port is set to "blocking", as shown at entry 714A. Ports are set to "blocking" 
state by STP in order to avoid loops in the L2 sv^tched network. The state of the port as 
set forth in table 700 is determined by the spanning tree protocol. 

A port state table of the present invention is shown in Fig. 9. However, exem- 
plary pseudo code of the present invention will be described next. 
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PSEUDO CODE 

A port which is in blocking state and is Uplinkguard enabled is referred to as a 
"backup port" for the root port of the switch. The role of a port is determined at the time 
that a BPDU is received by the switch. For example, the following pseudo code may be 
used to determine the role of a port. 

boolean isBackupPort(portNumber) 



if(portState(portNumber) = BLOCKING) { 
if(designatedBridge(portNuinber) = thisBridge) { 
return FALSE; 
} else { 

return TRUE; 

}} 

retum FALSE; 
} 



This code determines, if a port is in BLOCKING state and the superior BPDU re- 
ceived "does not" come from this same switch (the info is in the "designated bridge ID 
field" field 510 stored in the BPDU), then the port is a backup port, because it is con- 
nected to another bridge which potentially could allow the swdtch to reach the root. 

Tuming now to process 800 shown in the flow diagram of Fig. 8, at block 802 it 
is determined that an executing spanning tree protocol process has ended. Block 802 
contains the notation "STP ended", meaning that a spanning tree protocol process has 
ended. From block 802 the process goes to block 804. 

At block 804, the process 800 learns the "designated ports". A designated port is 
a port which communicates down the logical tree produced by the spanning tree protocol. 
From block 804 the process goes to block 806. 



{ 
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At block 806 the question: "Are the desired designated ports Uplinkguard en- 
abled?". In the event that the answer to the question in block 806 is "Yes", the process 
goes to block 808. 

At block 808, the port is removed from the STP algorithm and the STP algorithm 
is repeated. The purpose of the step in block 808 is to prevent an Uplinkguard enabled 
port from becoming a designated port. 

In the event that the question at block 806 answers "No", the process goes to 
block 810. At block 810, the port becomes a designated port. The step in block 810 is 
executed because the STP algorithm selected the port as a designated port, and the port is 
not Uplinkguard enabled, and therefore is an appropriate port for communicating down- 
stream along the logical tree of the sparming tree protocol tree. 

Turning now to Fig. 9, Port State Table 900 in accordance with the present inven- 
tion, is shown. The port "state" is shown in column 910. The port "role" is shown in 
column 912. The result of Uplinkguard being enabled is shown in column 913. 

At the entry 914, a port having the state "forwarding" and the role "root port" is 
shown. Entry 914 at column 913 shows that the result of Uplinkguard being enabled is 
"Don't Care", meaning that a root port in the forwarding state is unaffected by Uplink- 
guard being enabled. 

At entry 916, a port having the port state of forwarding, with a port role of "des- 
ignated port" is shown. Entry 916 at column 913 shows that the result of Uplinkguard 
being enabled is "No", meaning that a designated port cannot be in forwarding state with 
Uplinkguard enabled. 

At entry 918, a port having a state blocking is shown, along with having the port 
role of "blocked port". Entry 918 at column 913 shows that the result of Uplinkguard 
being enabled is "Don't Care", meaning that a port in blocked role and in the blocked 
state is unaffected by Uplinkguard being enabled. 

Entry 920 gives a port having the port state of blocking, and having the port role 
of "Uplinkguard enabled". Entry 920 at column 913 shows that the result of a port hav- 
ing the role of Uplinkguard enabled and in blocked state is "Don't Care", meaning that a 
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port having the role of UpHnkguard enabled and in blocked state is consistent with 
Uplinkguard being enabled. 

A port represented by entry 920 is a backup port to become a root port in the 
event that a fault disrupts the logical tree created by the spanning tree algorithm. In the 
event that a fault develops, a switch will normally transmit a topology change notification 
message after the sv^tch becomes aware of the topology change, a new spanning tree al- 
gorithm will execute, and a new logical tree will be built taking into account the fault. 



Entry 922 gives a port having port state blocked as Uplinkguard inconsistent v^th 
the role of designated port. Entry 922 at column 913 of "Yes" indicates that a port hav- 
ing Uplinkguard enabled which has the role of "designated" is set to the state of 
"blocked" because it is inconsistent with Uplinkguard being enabled. A port represented 
by entry 922 has been set to Uplinkguard inconsistent at block 808 of Fig. 8. 

The present invention permits a switch having a backup root port such as shown 
at entry 920 making a transition to use of the backup root port as the root port of the 
switch, in the event that the current root port fails. The transition to use of the backup 
root port may be done without the switch transmitting a topology change message, and so 
not executing the STP Algorithm. 

The one way connectivity fault problem is solved by the present invention, as can 
be imderstood by reference to the flow diagram of Fig. 8, along with the Port State Table 
of Fig. 9. In the event that a port is in Blocked status, and the port fails to receive BPDU 
packets, then the port attempts to transition to Forwarding status and begin transmitting 
BPDUs in order to initiate execution of the STP algorithm. In the event that the port has 
Uplinkguard enabled, and the port attempts to transition to designated role, the port will 
be prevented fi-om making this transition by Uplinkguard and will be placed permanently 
in Blocked status. The port is thereby prevented from forming a loop in the network, and 
the one way connectivity problem is solved. 

Tuming now to Fig. 10, block diagram 10,000 of a representative hardware 
structure for internal operation of a Layer 2 switch is shown. Each linecard 10,002, 
10,004, ... 10,008 supports a port. For example, linecard 10,002 has port 10,002 A; line- 
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card 10,004 has port 10,004A; linecard 10,006 has port 10,006A, ... and linecard 10,008 
has port 10,008 A, etc. Each linecard has a memory unit. For example, linecard 10,002 
has memory unit 10,002M, linecard 10,004 has memory unit 10,004M, linecard 10,006 
has memory unit 10,006M... and linecard 10,008 has memory imit 10,008M, etc. Each 
line card has a processor P, indicated by blocks 10,002P, 10,004P, 10,006P, ... 10,008P, 
etc. The various linecards are interconnected by svsdtch fabric 10,010. Switch fabric 
10,010 may be, for example, a crossbar type switch fabric, an ATM based switch fabric, 
or may be simply a computer bus, etc.. A central processor unit forwarding engine 
10,012 also attaches to switch fabric 10,010. In operation, a packet arrives at a port of a 
linecard and is transferred by svdtch fabric 10,010 to memory xmits in the required line- 
cards. 

Further, CPU control engine 10,030 attaches to switch fabric 10,010. CPU con- 
trol engine 10,030 is used to execute various control protocols for the network device. 
For example, CPU control engine 10,030 may be used to execute the Spanning Tree 
Protocol, the Link State Routing Protocol, the Uplinkguard protocol, the OSPF protocol, 
the IGRP protocol, the EIGRP protocol, etc. Execution of a process in a CPU is often 
referred to as "running" the process. Data read from various fields of a received packet 
are transferred to CPU control engine 10,030. Then CPU control engine exercises con- 
trol of the network device through switch fabric 10,010, through control lines not shown 
in Fig. 10, etc. CPU control engine 10,030 may execute the software to implement the 
spanning tree protocol, and the process of the invention as illustrated in the flow chart of 
Fig. 8. Alternatively, the processes of the spanning tree protocol and the process of the 
flow chart of Fig. 8 may be executed, in whole or in part, in the processors on the line- 
cards, processors 10,002P, through 10, 008P, etc. 

Processor block 10,002P, block 10,004P, block 10,006P, block 10,008P, etc. also 
contain blocking circuits. The blocking circuits implement the states shown in the port 
state table shown in Fig. 9. The port has two states: "forward" state in which the port 
forwards packets to or from the external link connected thereto; and "blocking" in which 
the port does not forward any packets. The port is transitioned between the forward state 
and the blocking state by software. Either the STP Algorithm software or the Uplink- 
guard software may transition the port between forward and blocking states. 



19 

WCHEETAHWOLUCLIENTSM 12\025\0447\PROSECUTVPATAPP.doc 12/22/00 1 1 :38 AM 





PATENT 
112025-0447 



For example, in the event that a packet is received from an external connection at 
port 10,002A, the packet arrives at port 10,002 A, is stored in memory unit 10,002M, and 
is simultaneously transmitted on switch fabric 10,010 to all of the other linecards, where 
the packet is stored in the memory unit of each of the other linecards. The memory 
10,002M in the receiving linecard is necessary as a buffer in the event that switch fabric 
10,010 is busy at the time that the packet arrives at port 10,002A. Processors 10,002P, 
10,004P, 10,006P, ... 10,008P, etc. on each linecard receive information from circuits on 
the linecard interpreting fields of the packets as the packet is being received. 

In an exemplary embodiment of the invention, processors 10,002P, 10,004P, 
10,006P, ... 10,008P, etc. on the individual linecards act as forwarding engines and make 
decisions conceming the ports through which the packet is to be transmitted. 

In an altemative exemplary embodiment of a Layer 2 switch, as the packet is be- 
ing transferred on switch fabric 10,010 to all of the other linecards, fields of the packet 
are interpreted by circuitry in the receiving linecard, information is transferred to CPU 
forwarding engine 10,012, and CPU 10,012 makes decisions conceming which ports the 
packet is to be transmitted out through. Once CPU 10,012 makes a decision as to which 
ports the packet should be forwarded through, CPU 10,012 asserts control lines (not 
shown in Fig. 10) which grant permission to the appropriate linecards to transmit the 
packet out through that linecard's port. 

In an altemative embodiment of the invention, a linecard may support a plurality 
of ports rather than only one port as is shown in Fig. 10. Three dots 10,009 indicate that 
a large number of linecards may be supported by the Layer 2 switch. 

The exemplary internal architecture of a typical Layer 2 switch as shown in block 
diagram 10,000 permits line speed transfer of an incoming packet to one or more outgo- 
ing ports, simultaneously with receipt of the packet. Only a small delay is encountered, 
depending upon factors, for example, the state of switch fabric 10,010 as the packet is 
received at its incoming port, and the delay imposed by ordinary switch fabric transfer 
processes along switch fabric 10,010. 

In an altemative exemplary design of a Layer 2 switch, a linecard may transfer an 
incoming packet to global memory unit 10,020. CPU 10,012 reads fields of the packet 
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and decides which linecards must transmit the packet. After the packet is received into 
global memory 10,020, the packet is read by each linecard which must transmit the 
packet, and then the packet is transmitted by the linecards. In either event, the hardware 
reads the fields of the appropriate Layer of the packet, and responds by making the ap- 
propriate forwarding decision. 

It is to be imderstood that the above described embodiments are simply illustrative 
of the principles of the invention. Various other modifications and changes may be made 
by those skilled in the art which embody the principles of the invention and fall within 
the spirit and scope thereof. 

What is claimed is: 
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